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AlDstract
Ａい-hydroxoルーperoxo)diiron(111）complex［Fe2(6Me2-BPP)2(OH)(02)]＋（２）ａｎｄａ
("‐OXO)(仰eroxo)diiron(111）complex［Fe2(6Me2-BPP)2(O)(02)］（３）withatetradel1tatetripodal
ligand（6Me2-BPP＝ｊＶＷＢｉｓ(6-metl]yl-2-pyridylmetllyl)と3-amino-propionate）havingaterminal
carboxylateweresynthesizedasmodelsfbr“Peroxolntennediates，，ofthenon-hemediironproteins
andcharacterizedbyvariouspllysicochelnicallneasurementsincludingX-rayanalysis・Reactionof[Fe2(6Me2-BPP)2(O)(OH)]+(1)witll～100equivofH202innlethanolat-80oCgave2,wllichcanbe
fiJrtherconvertedto3byadditionofEt3NTheperoxo-to-ironLMCTenergyandthev(0-0)and
vb(Fe-Oo-o)energiesoftlle(｜【L-peroxo)diiron(111)complexesarehigmydependentontllenatureof
thesupportingligandsandareusefUlprobesfbrtheelucidationoftlleelectronicstatesoftheiron(111）
centersinthe（似-peroxo)diiron(111）complexes，Colnparisonofspectroscopicpropertiesofthe
presentcomplexeswiththoseofthe“Peroxolnterlnediates，，suggeststhatthetermmalcarboxylates
intheenzymesfimctionasveryｗｅａｋｄｏｎｏｒｓｃｏｍｐａｒｅｔｏｔｈｏｓｅｉｎｔｈｅｓyntheticlnodelcomplexes，
leadmgtothehighLewisacidityofthediiron(111)centers・ThislnaybeinlinewithtllelongerFe-Ocarbo籾latebonddistance(~2.2Ａ)intlleen刀/mescomparedtothoseintllelnodelcomplexes(~195Ａ)．
Anovellnononuc1ear(peracetato)iron(111)complex[Fe(6Me2-BPP)(CH3C(O)02)]＋(5)wasalso
prepared・Unlikethe(peroxo)iroil(111)complexesreportedsofarwllichhaveanintenseabsorptiOn
bandmthevisibleregion,theUVvisspectmnof5showsnointensebandmthevisibleregion,butshowsanintenseabsorptionbandat319nm(Ｂ＝３６００Ｍ-1ｃｍ＝').ThuStlle(peracetato)iron(111）
complex(5)hasanunlqueelectromcpropertyconlparedtotheotller(peroxo)iron(111)complexesso
farreported・ＩｔｗａｓａｌｓｏｆｂｕｎｄｔｈａｔｔｈｅｃｏｎｌＰｌｅｘ５iscapableofpelfbrlnmgtlleselective
hydroxylationofarelativelyweaktertiaryC-Hbondinalkanesandtheepoxidationofsomeolefins・
Thuspresentstudyprovidesnewinsightsintothestructural,spectroscopicproperties,andreactivity
ofmononuclearanddinuclear(peroxo)iron(111)complexes．
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学位論文要旨
似-1,2-Peroxodiiron(111)specieshavebeenSpectroscopicallyidentifiedasreaction
fbrthedioxygenactivatingdiironproteinsorsornevariantssuchas
intermediates
／￣《mdh……y腱…|MMMⅢ…川d…mRNn-iiﾄ１１ｍへstearoyl-acylcarrierprotein△9-desaturase（A9D)，andferritinSomeofthelnarefiJrtheractivatedtobis(〃oxo)diiron(1V）ｏｒ：ｉｉ１ｒ／N、/／、ソノjjbisい-OXO)diiron(111,1V）species，Whichareresponsiblefbr 〔、/o-oxidationofsubstrates・Diironcentersofthoseproteinshavea XR
YX
YXconlmoncarboxylate-richenvironlnent(fburcarboxylateandtwoO
（6RNeHrBPP）ＮｄｏｎｏｒｓｆｂｒＭＭＯ，ＲＮＲ，ａｎｄＡ９Ｄ)．Varioussynthetic
(p伽xo)diimn(Ⅲ)。●mplexeMnoludmghceItmctumｍｙ霊f:;ｉＩ１ｉ９１ｉ,柵・I鵠霊Icharacterizedcomplexeshavebee、developed,andtheyprovidedaCarboxylate．
chenlicalbasisfbrunderstandingofstructuralandvariousSpectroscopicpmpertiesofthe
(peroxo)diironcomplexeM[bobtainfi】rtherfimdamentalinsightsintostructuralandspectroscopic
propertiesandreactivitiesoftlle（peroxo)diiron(ⅡI）species，fUrtllerlnodel（pemxo)diiron(Ⅲ）
complexesareneeded，wllichhaveabiologicallyrelevantligandenvironlnentsucllasterlninal
carboxylate(s)andbridginghydroxideoroxideconnnonlyfbundindiiron(、)fbllns・Intllisstudyb
wel巳portthefirststructurallycllaracterized仏hydroxo)似peroxo)diiron(Ⅲ）complex
[Fe2(6Me2-BPP)2(OID(02)]Ｘ（2.Ｘ：Ｘ＝CF3SO3（2．OTf)，Ｂ(3-C1Ph)４（２．B(3-C1Ph)4)）ａｎｄ
(ﾉﾙOXO)(ﾉﾙperoxo)diiron(Ⅲ)complexFe2(6Me2-BPP)2(O)(02)](3)withatripodalligand(Shemel：
6Me2-BPP)whichhaveatennmalcarboxylateandtllerelationshipamongligandenvironmental
efIbcts,spectroscOpicprOperties,andreactivity6
Ｈ Ｈ
距凹な鹿Ⅷ一門Ｉｐｊ‘ 門口』Ueq・ｏｆＥｔＮ－－－－Ｉｅｑ・ｏｆＨＣＩＯ４
１
Ｌ＝６Me2-BPP
３
８℃〃鋤２２.SyntheticProceduresof砂IMroxooroxo)(仰eroxo)diironCII)Complcxes．
Reactionof[Fe2(6Me2-BPP)2(O)(OH)](OTf)･3.5H２０(1)with～100eqUivofH202innlethanolat
-80ｏＣｇａｖｅａｂｌｕｅｃｏｍｐｌｅｘＺ,whicllcanbefhrtllerconvertedtoapurpleconlplex3byadditionof
Et3Ｎ（ScllemeZ)．Crystalstructureof2.B(3-C1Ph)４showedtllattllecomplexhasan
Fez仏OID砂1,2-02)coreandeachironhasaslx-cooldinatestructurewitllN303donors(FigurelA)．
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TWoironcentersareineqUivalent；the
pemxooxygenintlleFelsiteistranstoa
tertialyanmnenitrogen，wllilethatintlle
Fe2siteistranstoacarboxylateoxygen
Thestructuｒｅｏｆ３ｉｓｓｉｍｉｌａｒｔｏ
２.B(3-ClPll)4,butunfbrtunatelyl〃oxoand
〃1,2peroxogroupsaredisorderedover
twopositionswitllOSoccupancy(Fi9,℃
1B)．Detaileddiscussionaboutmetric
蕊 雛
'三iiifji 畦
蕊竃
正Egzoy℃１．ORIEPdiagmms（５０％probabnity）ｏｆｔｈｅ２｡B(3-C1Ph)4(A)and３(B)Hydrogenatomsareomittedfbrclarity．
parametersof3maynotbewalranted,butcomparisonofthestructuralfbaturesWith2isusefim､TYle
O1-O2bondlengthof2B(3-C1Ph)4is1.396(5)Ａ(Cf:1.41(1)Afbr3),wllichisslightlysllorterthan
tlloseofthe(peroxo)diiron(111)complexes(1.406(8)-1.426(6)Ａ)IIleFe…Fedistance(3396(1)Ａ）
of2iscomparabletothoseofthecomplexeswitllabridgingphenolateoralkoxide(3.3二7(2)-3.462(3)
Ａ),whereaslongerthanthatof3(3.171(1)Ａ).M6ssbauerSpectraof2B(3-C1Ph)4andM80K
showedsmgleqUadmpoledoubletswitll6(△EQ)＝0.50(1.31)and0.50(1.46)、１m/s,reSpectively6
T1le△EQvaluesarecomparabletothatofl6(△EQ)＝０．４４（1.56)ｎm]/s)butlaIgertllanthatof
[Fe2(6Me2-BPP)2(OH)2]2+(4)(6(△EQ)＝0.42(1.16)､Ⅱ､/s),suggestinglllattlleperoxidealsoactsas
aslronger冗一donorandcausesalalgerelectricfieldgradientaroundtheFe(Ⅲ)centersastlleoxo
bridge・
Itisnotedthattlleblidginghydroxideandoxidesignificantlyinfluencethespectmscopic
properties・TYleelectromcSpectrumofZ･OTfshowedanintenseperoxide(兀v*orbital)-to-Fe皿)(d7U
orbital)LMCTbandat644mn(B＝3000Ｍ~1cm~'),wllereastllatof3sllowedaCTbandat577nln
(ど＝１５００Ｍ1cm~')⑮igul巳Ｚａａｎｄ２ｂ).SuchasignificantblueshiftandlowintensityoftlleCT
bandofScanbepartlyascribedtoastronger兀一donationofthebridgingoxide,wllichincreasesthe
d7mrbitalenelgyofFe(、)centers(dinlinishingtlleLewisacidityofFe(ⅡI)centerS),increasestlle
enerWgapbetweend7Zorbitalsand冗v＊orbitaloftheperoxide,ａｎｄdecreasesanoverlapbetween
tllem，１eadmgtoablueshiftandlowintensiｔｙｏｆｔｈｅＣＴｂａｎｄ、Thetenninalcarboxylatealso
influencestheCTenergyandreactivityAcloselyldated仏oxo)(」【』負peroxO)diiron(Ⅲ)complex
Fe2(6Me3-tpa)2(O)(02)]2+(S)havingMdonorsex1]ibitsaCTbandat648nm(e＝1200M1cmF1)，
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whichisred-shiftedrelativetothａｔｏｆ３，
indicatingthatthetemlinalcarboxylate
alsofimctionsasastrongerdonmm
addition，Scanbeconvertedinma
bis仏oxo)diimn皿,1V）SpeciesbyO-O
bondcleavage，wllichisacceleratedby
treannentofHC104・Incontrast,nosuc11
conversionwasdetectedfbｒＳａｎｄｔｈｅ
２
１
守宿５７■Ｅ一色 ］ＩＤＵ「
０
400 BOOＢＯＯ１０００
WmlelengOhノｎｍ
5Ⅸ】⑤ＵＵＢＵＤ－巳､⑪｡“
reactionwithHClO4causeddleFigM２.E1ectronicspectraof2・OTf(a）ａｎｄ３（b）inconversionto2,suggestingan1ncreaseofCH30Hat-80.CResonanceRamanSPectraof2(preParcdb肥…lhoMdgmgoxidobymng創綱雛`鯛臓rI3l)lf1lfL晶培叩鮒d伽
donationofthecarboxylateina
TheresonanceRamanSpectraof2and3(Figure2c-f)showedseveralfeatureswllichshifted
downwardby180-substitutiOn.Ｆｏｒｃｏｍｐｌｅｘ２,ｗｅａｓｓｉｇｎｅｄｔｗｏｂａｎｄｓａｔｇｌ９ａｎｄ８９６ｃ【n．ｌｔｏｔｌｌｅ
１(0-0)asaFemlidoublet(tlleintlinsic》b-oo＝908cm~';881and850cIn~'fbran180ZsaInple,ub-oo
＝８６１ｃｍ~I).Thebandsat548('802:５３６cm~')and４９８('802:４９３ｃｍ~')canbeassignedtotlle
焔(Fe-OoH)＋１，hs(Fe-Oo-o)andDb(Fe-OoH);respectivelylbasedonnonnalcooldinateanalysis(NCA)．
rYleanalysisalsoindicatedUlatthebandsat473and456cn1~lcanbeassignedto陸(Fe-Oo-o)asa
Fennidoublet(1,Ｍo＝４６０cm~';４４７cm~'fbra1802sample).Forcomplex3,abandat847cm~’
('802:８１４cnr1)canbeassignedtothel,(0-0)andabandat465cm~'（'802:４４６clnF1)totlle
咄Te-Oo-o).TheKO-O)ofZissimilartotlloseofthe(peroxo)diimn(Ⅲ)complexes(880-900cnrl)，
Whereasitissigmficantlylligllertllantllatof3(847cnr1)and５(848Ｃｌ､~').Ithasbeensllowntllat
thel,(0-0)and略伝e-Oo-o)dependontlleFe-O-Oangle;astlleFe-O-Oanglebecomeslalgelbthe
u,(0-0)becomeshigdlerandtllel,§(Fe-Oo-o)becomeslowerbymechanicalcoupling・TYlisisalsotlle
casefbr2(Fe-O-Oav＝121.8｡)and３(Fe-O-O＝～115｡):tllelﾉ(0-0)ｏｆ２(,０８cm~')iShigllerlhan
lhatof3(847cm'),andtlle咄(hOo-o)of２(460cnl~')islowerthanthatof3(465cm~').Howev団
alargechangeinthel'(0-0)(△＝６１ｃｍ~'）andasmallchangemtlle略(Fe-Oo-o)(△＝５ｃｍ~'）
between2and3alsosuggestlhepresenceofsomeolhercontributionssuchasthebondingnatureof
theperOxideasobservedfbrCTenelgiesandintensities;thestrongerdonationoftheperoxidein2
1ncreasestlleu,(0-0)and''６(Fe-Ooo),leadingtoanincreaseofchangemtlleKO-O)andadecrease
ofchangemthelt(Fe-Oo-o)byanoHSeteffect・
IthasbeenprOposedtllattllechanｇｅｓｍｔｈｅｌ'(0-0）ａｎｄ略(Fe-Oo-o）齢qUenciesfbr
RNRPW48FD84E(868and457cln~'),ＡＤＤ(898ａｎｄ４４２ｃｍ~'),andfbrritin(851ａｎｄ４８５ｃｍ~'）
dependontheFe-O-Oangles・VeryshortFe…Fedistances(~2.5Ａ)havebeenreportedfbrtlle
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peroxo-intermediateoffbrritinaｎｄＲＮＲＰＷ４８ＡＤ８４Ｅ､SucllashortFe…FedistancereqUiresasmall
Fe-O-OangleasobservedfiDr[Ｍｎ２ｑ)2(O)2(02)]z+(Ｍｎ…Ｍｎ＝2.531(7)AandMn-O-O＝106.9゜)．
HOweverbfbrtlMelativelylliglll/(0-0)丘equency(868cm~')ofRNRW48F/D84E,Solomonetal・
pointedoutthataShort(2.5Ａ)Ｆｅ…FedistancereportedfbrRNRPW48A/D84EwhicllisprOposedto
beanalogouStoRNRpW48FD84EisnotsupportednmnspecIroscopicanalysesfbr
RNRpW48F/D84EA1owerCTenergyofRNRW48F/D84E(~７００，m)comparedtothoseoftlle
modelco1nplexessUggeststhelligllLewisacidityofFe(Ⅲ)centersinRNRW48FD84Erelativeto
tllemodelcomplexesexceptfbrFe2{1ｍ(3,5-iPr2pz)3}2(02)(PhCO2”]・
MOnonucleariron(nDcolnplexeshavingaperoxogroupsuchasO22~,ROOF(Ｒ＝Ｈ,al】W1,or
acyl),or(O2C(O)O)2-鵬alsoofparticularilnportancefbrunderstandingthereactionmecllanismsin
vanousoxidationreactionscatalyzedbymononuclearnon-helneironenzymesandtheirfimctional
models・Variousmononuclear（peroxo)iron(IⅡ）compoundshavebeendevelopeCLHOweveLno
nlononuC1ear(acylperoxo)iron(111)colnplexhasbeenreportedsoftlLaltllougmsomeacylperoxo
Specieshavebeenidentifiedinhememodelsystem､Recently，peraceticacidmtllereactionwitll
someiron(11)anddiiron(111)comPlexeshavillgtetradentateligandshavebeenshowntobeagood
terlninaloxidantfbrtheselectiveepoxidatioｎｏfsolneolefinssuchascyclooctene・Inaddition,itllas
beenalsoreportedthatahigh-valentiron(1V)-Oxospeciescanbegeneratedbythe妃actionofsolne
iron(11)colnplexeswithperaceticacid､ThusitisOfparticularinteresttoinvestigatethereactivityof
iron(Ⅱ)and/ｏｒ皿)complexeswithperaceticaciCl・Intllisstudybwehavesucceededmpreparationof
anovelmononuclear（peracetato)iron(I､）complexhaving6Me2-BPP1igand，［Fe(6Me2-BPP)‐
(CH3C(O)02)]C104(7．C104),whichwascharacterizedbyX-rayanalysisandvariousspectroscOpies，
anditsreactivitytowardsomeolganicsubstrateswereinvestigated・TYlecomplex7isthefirst
exampleofastructumllycharacterizediron皿)complexhavinganacylpemxoligand・
Reactionof腰e(6Me2-BPP)(H20)](C4F9SO3)･3.5H２０(6.0Nf)ｗｉｔｈ～１０eqUiv6ofperaceticacid
inaCetoniｔｒｉｌｅａｔ－４０ｏＣｇａｖｅａｎｙｅｌｌｏｗｐｅracetatecomPlex[Fe(6Me2-BPP)(CH3C(O)02)]＋(7)，
whichisalsop"pared伽mthereactionof6wilhH202ZAcOHmixtureat-40oCCrystalstructure
of7･ClO4sllowedthattllecolnplexcationhasadistortedoctalledralstructurewithMO3Clonorset
colnposedofabidentateperacetateandatripodalligand(Figure3).Theperacetatefbrnlsa
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five-memberedcllelateringwitlltheO1-Fel-O3angleof
77､7(5)。similartoaperoxocarbonatecomplex
腰e(。､)2(O2C(O)O)]~(9)(78.8(1)｡)mleO1-O2bonddistance
(1.443(3)Ａ)｡f7iscomparabletothoseof9(1.455(5)A)and
[Cu2(XYL-O)(腕-CPBA)】2+(1.463(１２)Ａ),bUtsliglltlylonger
tllanthoseof[(mipm2Pd)2(py)(CH3C(N)02)]（1.409(6)Ａ)and
tlle仏peroxo)diiron(Ⅲ)complexes(L396(5ト1.426(6)Ａ)d
ltShouldbenotedthatunlikeiron(Ⅲ)peroxo，
-hydroperoxo，ａｎｄ‐alkylperoxocomplexes，theelectmmc
Spectrumof7inacetonitrileat-40oCshowsnointensｅctrumoi7macetomtmeat-40･ wsnointenseFigu肥３.ORIEPdi卿ａｍ(５０％
probability）ｏｆｔｈｅ７、Hyd【ogenLMCTbandattributableto鰯＊orbitaloftlleperoxomoietytoatomsareomittedbrclarity・
the必orbitalofiMl(、)centermthevisibleregionasshownmFigure4,butexllibitsonlyan
４intenseabsoIptionbandat319nm(S＝3600Ｍ~'cnr1）
witllashoulderat367nnl(Ｂ＝２０００Ｍ－１ｃｎｌＦ１).Itis
alsonotedthattlleEPRandUVvisspeclralfeaturesof
７anditsdecolnposedproduct(s)arealmostthesaIne，
altl1ough7canbeclearlydistinguislledfioln
deco1nPosedproduct（腰e(6Me2-BPP)(CH3CO2)]十(8)）
byESmDFMSSpectroscopyTigure4，Inset)．
３
２
１
▼Ｅ◎▼雪Ｅ一四
0
３００４００５００６００７００８００The肥fbre，tlleintenseabsolptionbandat319mn WaveIengthmm
ObseWedfiDr7isnotassignedtotlleperoxo-to-iron
Figure4・ElectronicSpectraof6（black）LMCTtransitioli,wllic11mayappearmlligllerenergｙａｎｄ７(red)ｉｎＭｅＣＮａｔ－４０ｏＣａｎｄｉｔｓ
肥gi.､1,.,pnlik…｡th飢(p､r､x･)irm(Ⅱ,）麓;|:１１;;iii:Ｉ磯灘II111l:>ｌＩｉｌ霊;,:ｌｌｉ:PIl;complexes,itisdihHculttoidentifj/tllefbnnationof7（A）ｉｎＭｅＣＮａｔ－４０ｏＣａｎｄｉｔｓｄｅｃｏｍｐosedSpecies8（B）ａｔｒｏｏｍ(acylperoxo)iron皿)ＣＯ､plexeshomUVvisandEPRtemperatme・
spectra
Reactivityof7towardexternalsubstrateswasinvestigated・mereactionof7witha3000fbld
excessofcycloocteneorstyreneaffbrdedtllecorrespondingepoxidesin５０％yields,respectivelyb
andnocorreSpondingdiolplDductswereobservedTheseobservationsaresm]ｉｌａｒｔｏｔｈｏｓｅｆｂｒ
[Fe(TPA)(CH3CN)2]針,[Fe(bpmen)(CH3CN02]2+,or[Fe2(phen)4(O)⑪O)2]船withAcOOHorAcOH
＋H202systenls・Whencyclohexane,1,2-dimetl1ylcycrohexane,ａｎｄｃな‐stilbenewereemployed,no
oxidationoccurredTheoxidatioｎｏｆａｄａｍａｎｔａｎｅｂｙ７ｒｅｓｕｌｔｅｄｍｔｈｅｓｅlectiveoxidationatthe
tertialycarbonatomtogiveonlyl-adamantanOl（２５％）asanoxidationpmductandno
2-adamantan-oland-onewasdetected．’
Insummary§structuresamIspectroscopicpropertiesofboth（ﾉﾙhydlDxo)(/j-peroxo）ａｎｄ
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砂oxo)Cﾄperoxo)diiron(IⅡ)ｃolnplexesprovidefimdamentalche血calinsightsintothenatureof
砂1,2-peroxo)diiron皿)complexesand"Peroxolntennediates"fbundmtheen可mes・Inaddition，
wehavealsosucceededinstructuralandspectroscopiccharacterizationofamononuclear
(pelacetato)iro､(、)complex,whichhasaunlqUeelectronicprOpertyandiscapableofperfbmmng
tlleselectivellydro汀lationofarelativelyweaktertiaryC-Hbondinalkanesandtheepoxidationof
someolefYns
学位論文審査結果の要旨
提出論文について、平成１８年２月８曰に開かれ論文審査委員会での審査の結果、下記の結論を得た。
本論文では、生体系に存在する酸化触媒である非ヘム型二核および単核鉄酵素の反応活性中間体である
ペルオキソ錯体の構造、分光学的性質、反応性およびその機能発現機構を明らかにすることを目的として、
(u-hydroxooroxo)(U-peroxo)diiron(IID錯体と(peracetato)iron、錯体の合成に成功し、その結晶造、様々
な分光学的性質および反応性を調べ以下の成果を得ている。すなわち、上記モデル錯体の構造および分光学
的性質との比較から、二核鉄酵素で見出されいる"Peroxolntermediatemの活性鉄(11,中心では、１）ペル
オキソ基は強い兀一donorとして作用していること、２）鉄(IＩＤイオンのLewis酸性度は非常に高いこと、
３）末端カルボン酸イオンは弱いLewis塩基として作用していること、などを明らかにしている。また、
(peracetato)iron川錯体では、olefinのエポキシ化やalkaneの水酸化等のこれまでにない幅広い反応性を
持つことを見出している。
以上のように、本論文では二核および単核鉄酵素の反応中間体モデルの合成に成功し、それらの物性およ
び反応性について目覚ましい業績を挙げており､その成果は博士（学術）論文に充分値するものと判定した。
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